Background: Few studies have evaluated survival, treatment, resource use, and costs among women with stage IV ER + breast cancer (BC) who did not receive HER2 targeted therapy. Methods: Using linked Surveillance, Epidemiology, and End Results (SEER) and Medicare data from 2006-2009, women aged 66+ years with an incident diagnosis of stage IV ER + BC (index date) in 2007 and no HER2 targeted therapy were identified. A comparison cohort without cancer was created from the SEER 5% Medicare sample and matched 1:1 to the study cohort based on age, sex, and race. All patients had continuous enrollment for a 12-month baseline period prior to index and were followed until the end of the study window, disenrollment, or death, whichever came first. Resource utilization and costs (by place of service, reported per patient per month, PPPM) were compared across cohorts. Treatment patterns including receipt of surgery, radiation, chemotherapy, aromatase inhibitors (AI), and non-AI hormonal therapy were evaluated for study cohort patients with at least 2 months of follow-up. Kaplan-Meier survival analysis was also conducted.
Background
Breast cancer is the most common invasive cancer in women and the second leading cause of death from cancer among women in the United States (US) [1] . Approximately 1 in 8 women will be diagnosed with breast cancer during her lifetime, and within the US in 2013 there will be 232,340 newly diagnosed cases and 39,620 deaths associated with the disease [2] . The majority of these deaths result from recurrent or metastatic disease, which occurs in 6% of newly diagnosed patients and approximately 30% of those previously diagnosed with an earlier stage [3] .
Treatment options for metastatic breast cancer include systemic therapies (chemotherapy, hormone therapy), surgery, and/or radiation [4] . Systemic therapies are the recommended primary treatment option for patients with metastatic breast cancer, while surgery is generally considered, if appropriate, after initial systemic therapy [4] . Radiation therapy may be considered as an alternative to surgery or as palliative therapy [4] .
Among other factors, tumor biology and clinical features influence therapeutic strategy. The National Comprehensive Cancer Network (NCCN) guidelines recommend all patients newly diagnosed with breast cancer be tested for hormone receptor status via expression of estrogen and/or progesterone receptors (ER/PR) and human epidermal growth factor receptor-2 (HER2) [4] . Endocrine therapy is the preferred treatment for patients with stage III or IV hormone-receptor-positive (HR +, which includes ER and/ or PR positive) breast cancer, but chemotherapy may also be recommended for cases with rapidly progressive disease [4, 5] . Recommended endocrine therapies for HR + patients include tamoxifen, fulvestrant, megestrol, and aromatase inhibitors, such as anastrazole, letrozole or exemestane [4] . In addition, targeted therapies such as everolimus plus exemestate (Afinitor, Novartis Pharmaceuticals, Basel) have recently been approved or are in further clinical development for HR + advanced breast cancer [6] .
Few population-based studies of survival among women with advanced HR + breast cancer exist. A recently published study of SEER registry data by Johnson and colleagues estimated 5-year survival of distant breast cancer to be 31% [7] ; however, Johnson did not report survival by hormone receptor status. Jung and colleagues reported median survival of approximately 45 months among women with either ER or PR positive metastatic BC in a single large urban practice [8] . Furthermore, there are limited published studies on resource use and costs in this population. A recent systematic review of the literature on the burden of ER + advanced breast cancer found only one study on the economic burden of ER + patients which was focused on the impact of recurrence [9] . Given that approximately 80% of ER + patients would not be indicated to receive HER2 targeted therapy [10] , we have focused our study on those ER + patients who did not receive a HER2 targeted therapy.
We conducted a retrospective database analysis of survival, treatment patterns, healthcare resource use, and costs using the Surveillance and Epidemiology End Results database linked to Medicare claims (SEER-Medicare). We identified women diagnosed with stage IV ER + breast cancer who received immunohistochemistry or fluorescence in situ hybridization (FISH) testing and did not receive a HER2 targeted agent (trastuzumab or lapatinib) and compared them to a matched comparison cohort of women without cancer. This primary population was chosen as women with ER + and HER2 -breast cancer represent the largest patient population among all BC patients.
Methods

Data source
The linked SEER-Medicare database is a collaborative effort of the National Cancer Institute (NCI), the SEER registries, and the Centers for Medicare and Medicaid Services (CMS). SEER is an epidemiologic surveillance system consisting of population-based tumor registries designed to track cancer incidence and survival in the US. The registries routinely collect information on newly diagnosed cancer patients in geographically defined areas that represent approximately 25% of the US population. The registries ascertain all newly diagnosed cancer cases from multiple reporting sources such as hospitals, outpatient clinics, laboratories, private clinics, nursing homes, hospice, autopsy reports, and death certificates. The linked SEER-Medicare data files are not publicly available; investigators and researchers must obtain approval from the NCI for specific research objectives in order to obtain the data. Approval is granted at the discretion of the NCI to ensure confidentiality and protection of the patients and providers in SEER registries. Such approval and subsequent access to the data for this study were granted by the NCI following submission of a formal data request outlining the research objectives. The National Institutes of Health's Office of Human Subjects Research has determined that analyses using SEER-Medicare data are exempt from requiring further IRB review and approval.
The To create the comparison cohort, one randomly selected patient of identical age, sex and race was matched to each study cohort patient and assigned the same index date (to follow them over the same time period). Comparison patients were selected from the Medicare enrollment files using a 5% sample of Medicare beneficiaries residing in SEER areas who had not been reported to any of the SEER registries as having any cancer prior to their index date. These patients were not required to have used services in order to be selected for inclusion, and were allowed to develop cancers other than breast cancer after their index date. All patients were followed until the end of the study window (12/31/2009), disenrollment, or death, whichever came first.
Study measures
Baseline demographic and clinical characteristics were assessed over a 12-month period preceding the index date. These included age, race, region, urban/rural area, Charlson comorbidities and score [11, 12] , presence of other comorbidities commonly present among breast cancer populations such as osteoporosis and fractures (identified based on the presence of any of the following ICD-9 diagnosis codes: 733.0x, 805.xx, 807.0x-807.4x, 808.xx, 809.xx, 813. xx-814.xx, 820.xx-821.xx, 733.1x) and depression or anxiety (identified based on the presence of any of the following ICD-9 diagnosis codes: 296.2x, 296.3x, 300.4, 309.0x, 309.1x, 311.xx), and progesterone receptor (PR) status (identified using the SEER breast cancer site-specific factor variable for a PR assay). Mortality rates and time from index date to death were also evaluated, with KaplanMeier survival analysis conducted for overall survival.
Among patients in the study cohort, we evaluated the percent undergoing surgery related to the primary cancer site or radiation within 4 months of initial breast cancer diagnosis using SEER-created summary fields. We also evaluated the percent of patients prescribed chemotherapy, aromatase inhibitors (AI), and non-aromatase inhibitor hormonal therapy (non-AI). AIs included anastrazole, letrozole, and exemestane. Non-AIs included fulvestrant, tamoxifen, toremifene, and megestrol. Receipt of each treatment (i.e., chemotherapy, AIs, non-AIs) was identified based on the presence of the corresponding NDC codes or HCPCS codes. These treatment patterns were only evaluated among patients with at least 2 months of follow-up to allow for treatment observation. Patients who received more than one type of treatment during the follow-up period were considered to have received combination regimens.
Resource utilization during the follow-up period was assessed using the following measures: percent with at least one hospitalization, number of hospital admissions (defined as number of unique records in the inpatient claims file as each record represented a unique hospitalization), total hospital days per patient (defined as the sum of hospital days for all hospitalizations for a given patient), percent with office/clinic visits and number of visits (defined as number of unique days with such visits), percent with physician/provider claims and number of visits (defined as number of unique days with such claims), percent receiving prescriptions for oral drugs, percent with home health care use, percent with skilled nursing facility (SNF) use, percent with hospice use, and percent with durable medical equipment (DME) use. The setting of resource use was based on the source file of the encounter, as SEER-Medicare provides separate claims files for inpatient, outpatient office/clinic, physician/provider, Part D pharmacy, home health care, SNF, hospice, and DME encounters. Total healthcare costs during the follow-up period were estimated by summing all Medicare payments and patient copayments and deductibles across all settings. Total costs for each resource use setting were also evaluated.
Data analysis
Descriptive analyses of all study measures were performed. Binary variables were summarized using percentages and continuous variables were summarized using means, standard deviations (SD), and medians. Analyses of resource use and costs were conducted on a per-patientper-month (PPPM) basis to allow for variable follow-up lengths. Statistical testing between the two cohorts was conducted for mortality rates, healthcare costs, and overall survival. Continuous variables were tested using the nonparametric Wilcoxon test, proportions were tested using the Fisher's exact test, and survival was tested using the Log-Rank test. All cost measures were adjusted to 2011 US dollars using the medical care component of the consumer price index. All analyses were conducted using SAS software (Version 9.3, SAS Institute, Cary, NC).
Results
Patient selection and baseline demographic characteristics
A total of 325 women meeting all eligibility criteria were identified as having an incident diagnosis of stage IV ER + breast cancer and no HER2 targeted therapies following diagnosis. Figure 1 presents the full patient selection results. Among the 325 comparison patients, 7 patients (2.2%) developed a non-breast cancer during the followup period, and the remaining 318 patients did not have any cancer diagnoses during follow-up.
The mean age for both cohorts was 77 years, with 37% of patients being 80 years or older. The majority of patients (85.5%) were white, followed by black (10.2%) and Asian (2.2%). Over 99% of study patients and approximately 97% Table 1 ), which included the period from index date to the end of the study window (12/31/ 2009), disenrollment, or death, whichever came first.
Clinical characteristics
Baseline Charlson scores (excluding any primary malignancy and metastatic solid tumor) were relatively similar between the two cohorts (1.1 ± 1.6 [mean ± SD] among study patients and 1.3 ± 1.7 among comparison patients). Diabetes, chronic pulmonary disease, cerebrovascular disease and congestive heart failure were common comorbidities in both cohorts. Over 9% of the study cohort and almost 18% of the comparison cohort had depression/anxiety during the baseline period (P = 0.002). Similarly, osteoporosis or osteoporosis-related fracture prevalence was significantly lower in the baseline period for study patients (14.5% vs. 25.8%, P < 0.001). Over three-quarters of study patients were PR + (78%) (see Table 1 ).
Treatment patterns
Among the 285 (87.7%) study patients with at least 2 months of follow-up (to allow for treatment analysis), 38.6% received surgery and 31.9% received radiation within 4 months of their initial breast cancer diagnosis. Approximately three-quarters (74.4%) of these patients were prescribed some type of cancer medication (see Table 2 ). More than half of patients (57.1%) were prescribed chemotherapy at some point after their diagnosis (15.1% chemotherapy only, 15.1% chemotherapy with a non-AI, 15.1% chemotherapy with both an AI and non-AI, and 11.8% chemotherapy with an AI). Receipt of both an AI and a non-AI during follow-up was also common (10.4%), as was anastrazole monotherapy (11.8%) and letrozole monotherapy (9.4%). Over 62% of patients were prescribed an AI at some point during follow-up. Among those who received any medication, the mean (±SD) duration of treatment was 12.9 months (±9.1). The mean durations for AI, non-AI and chemotherapy among those who received them were 11.0 (±8.1), 5.6 (±5.4), and 8.5 (±7.2) months, respectively.
Survival
Almost twice as many study patients died during the evaluation period compared to comparison patients (60.3% vs. 31.1%, P < 0.001). The median time to death among those who died was 8 months for study patients and 19 months for comparison patients (P < 0.001). In Kaplan-Meier survival analysis, median survival for study patients was Figure 2 ).
Resource use and costs
Study patients had significantly higher resource utilization levels across most resource settings, including inpatient utilization (83.1% with hospitalization vs. 47.4%, P < 0.001), use of physician/provider services (100.0% vs. 98.2%, P = 0.031), SNF care (33.2% vs. 17.8%, P < 0.001), home health care (47.4% vs. 21.2%, P < 0.001), hospice use (34.2% vs. 7.7%, P < 0.001), and use of DME (60.0% vs. 45.5%, P < 0.001; see Table 3 ). While the percent of patients with outpatient office/clinic visits was not different (90.2% vs. 84.9%, P = 0.057) the mean PPPM number of visits was significantly higher among study patients (0.9 vs. 0.4, P < 0.001). The percent of patients receiving any prescription drugs (covered by Part D) was not different between the two cohorts (58.5% vs. 60.0%, P = 0.750). Total PPPM healthcare costs were over four times higher among study patients $7,271 vs. $1,778, P < 0.001). The major cost drivers were inpatient care ($2,957 vs. $666, P < 0.001) and physician/provider services ($2,104 vs. $393, P < 0.001). Similar to resource utilization, study patients had significantly higher costs across all resource settings except pharmacy costs for oral drugs (see Figure 3) .
Discussion
Summary
This study compared a cohort of women diagnosed with incident stage IV ER + breast cancer who received immunohistochemistry or FISH test and did not receive a HER2 targeted agent to an age, sex and race matched cohort of patients without cancer. The mortality rate in the study cohort was almost double that in the comparison cohort (60% versus 31%). Not surprisingly, study patients also had significantly higher rates of resource utilization and healthcare costs on a PPPM basis. While all study patients were initially diagnosed with metastatic breast cancer, almost one-third of these women underwent surgery or radiation within four months of diagnosis. Additionally, approximately 57% of study patients received some type of chemotherapy and over 62% received an AI during the follow-up period.
Comparison to literature
There are limited published studies evaluating burden of disease in women with stage IV ER + breast cancer. Papers that do report survival by ER status seem to report a wide range of estimates. A recent systematic literature review by Boswell and colleagues [9] identified only one study during 2000-2011 that evaluated burden of disease based on ER status [13] . This study by Stokes et al. found that elderly Figure 2 Kaplan-Meier survival analysis for Medicare-eligible stage IV ER + breast cancer patients who did not receive HER2 targeted agents and matched comparison patients. Note: Median survival for the study cohort was 23 months and it was not reached for the comparison cohort during the study period.
women diagnosed with Stage I-III ER + breast cancer who, using a claims-based algorithm, appeared to have a distant recurrence survived a median of 9 months following recurrence [13] . This is much lower than our median survival estimate of 23 months, likely due to the fact that the population in the Stokes et al. paper was diagnosed almost 20 years ago and there were fewer therapies available (e.g., almost no hormonal therapy available). In addition, Stokes et al. consisted of patients diagnosed at earlier stages than our population with incident ER + metastatic cancer. Jung and colleagues examined survival among metastatic breast cancer patients of all ages who were diagnosed between 1999 and 2008, and found that those with ER +/PR + status had a median survival of 45 months [8] . This was much longer than we observed (23 months among all ER + patients and 26 months among ER +/PR +), as would be expected given the younger patient population studied (median age of 55 vs. 77 years in our study). Rao et al. examined Medicare-eligible women with metastatic breast cancer as well and found a similar mortality rate as in our study (68% in the Rao et al. and 60% in our study); however, median survival was shorter (15 months vs. 23 months in our study) [14] . This difference may be expected as their study included all metastatic breast cancer patients and ours was restricted to those that were ER + and not receiving a HER2 targeted agent. It has been shown that patients with ER + breast cancer have better survival rates than other sub-types of breast cancer [10] .
We found a significant excess cost burden among stage IV ER + breast cancer patients not treated with HER2 targeted therapy. Rao and colleagues also compared Medicare eligible women with metastatic breast cancer to noncancer controls, finding significantly higher costs among those with breast cancer [14] . When adjusted to 2011 USD and standardized to a PPPM rate, their estimate of total healthcare costs for the cancer cohort was $3,511, which is about half of our PPPM estimate of $7,271 in health care costs for study patients. As described above, a similar proportion of the population died during the evaluation period, but the median time of survival was shorter and there were twice as many hospitalizations PPPM observed in the follow-up period among our study patients (0.10 vs.0 .24 hospitalizations in our study). This disparity may also be related to difference in the population evaluated (all metastatic breast cancer in Rao vs. stage IV ER + and not receiving trastuzumab or lapatinib in our study). Despite the fact that surgery of the primary site is not regularly recommended in patients with primary metastatic cancer [4, 15] , we observed a relatively high rate of surgery in the first four months after diagnosis. This is not unexpected given several recent studies that have found that resection of the primary tumor in metastatic patients may improve survival [15] [16] [17] [18] .
Limitations
This study is subject to the limitations of retrospective claims-based analyses, such as coding errors and incomplete data [19] . The SEER-Medicare database is not representative of all patients in the United States and does not capture those with other forms of health insurance (e.g., managed care, private). Additionally, only women over the age of 65 were evaluated. Therefore, this population may not be representative of the entire stage IV ER + breast cancer population. Medicare claims were only available through 2009 and may not capture all relevant healthcare costs. In addition, only treatments available up to 2009 were captured in the analysis, so recently approved therapies, such as everolimus, were not part of this analysis. Furthermore, continuous enrollment in Part D was not a requirement for study inclusion and therefore we may not have complete pharmacy claims for all patients, limiting the treatment data available. The sequence of treatment (e.g., first line/second line treatment) was not evaluated in this study as it was not a primary research objective, however, future studies evaluating lines of therapy would be beneficial in this population.
An additional limitation of this study is it is not clear why patients in the study cohort did not receive HER2 targeted therapy. This may be related to the patient's HER2 status, or the presence of a contraindication for HER2 targeted therapy. In the years of data available, HER2 status was not collected by the SEER registries, and therefore we were unable to analyze the reason patients did not receive HER2 targeted therapy. Fortunately, SEER began collecting data on HER2 status in 2010.
Because the HER2 targeted agent lapatinib is an oral drug and Part D pharmacy claims were only available from 2007 forward, we were unable to include cases from previous years, limiting our sample size. This study only Figure 3 Per-patient-per-month health care costs for Medicare-eligible stage IV ER + breast cancer patients who did not receive HER2 targeted agents and matched comparison patients. Note: All differences between the two cohorts were significant at P <0.001, with the exception of Pharmacy which was P = 0.082. Statistical significance was tested using the nonparametric Wilcoxon test.
included women with an incident diagnosis of stage IV breast cancer and did not include women who may have been diagnosed at an earlier stage and then progressed.
Conclusions
The ER + metastatic breast cancer population is an understudied sub-type of breast cancer. This retrospective analysis found that there is a significant excess clinical and economic burden among women with metastatic ER + breast cancer who were not prescribed a HER2 targeted agent when compared to age, sex, and race matched patients without cancer. Future studies with more precise and recent clinical data paired with cost data are needed in this population to confirm and extend these results.
